Well-behaved nonlinear structures:numerical and experimental developments by Groh, Rainer et al.
                          Groh, R., Neville, R., Schenk, M., & Pirrera, A. (2018). Well-behaved
nonlinear structures: numerical and experimental developments. Paper
presented at Solvay Workshop on Mechanics of slender structures in physics,
biology and engineering: from failure to functionality, Brussels, Belgium.
Peer reviewed version
Link to publication record in Explore Bristol Research
PDF-document
University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms
Numerical and Experimental Developments in Nonlinear Structures 
R.M.J. Groh, R.M. Neville, M. Schenk*, A. Pirrera 
Bristol Composites Institute (ACCIS), University of Bristol, United Kingdom 
*corresponding author: m.schenk@bristol.ac.uk 
 
Our work aims to exploit structural nonlinearity in engineering, with a particular focus on aerospace 
applications, to develop well-behaved nonlinear structures [1]. To achieve this, we are developing 
novel numerical and experimental methods. Generalised path-following methods are used to 
numerically investigate the properties of nonlinear structures [2], and have been applied to thin-
walled shells, slender frames, and beam structures. In addition to improved numerical methods, 
experimental validation of nonlinear structures is critical in ensuring their use in engineering 
applications, especially in conservative industries such as commercial aviation. Existing experimental 
techniques are unable to fully characterise the nonlinear response of even simple nonlinear 
structures, as they cannot measure structures with force-displacement responses that include limit 
points and snapping behaviour. An experimental method has been developed to extend our ability to 
measure the structural response of nonlinear structures [3]. In this presentation we will present our 
recent developments in both numerical and experimental work on nonlinear structures. 
 
 
Figure 1: force-displacement response of shallow arch, with deformed shapes. Existing experimental techniques 
are unable to measure beyond the displacement limit points (L1, L2), but a new experimental method is able to 
capture more of the structural response. 
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